Sexual segregation occurs frequently in sexually dimorphic species, and it may be influenced by differential habitat requirements between sexes or by social or evolutionary mechanisms that maintain separation of sexes regardless of habitat selection. Understanding the degree of sex-specific habitat specialization is important for management of wildlife populations and the design of monitoring and research programs. Using mid-summer aerial survey data for Dall's sheep (Ovis dalli dalli) in southern Alaska during 1983-2011, we assessed differences in summer habitat selection by sex and reproductive status at the landscape scale in Wrangell-St. Elias National Park and Preserve (WRST). Males and females were highly segregated socially, as were females with and without young.
In sexually dimorphic ungulates, male and female adults tend to display spatial sexual segregation with mixing occurring only during the mating season (Bowyer 1984; Main et al. 1996; Kie and Bowyer 1999) . Sexual segregation in ungulates has been researched extensively (Bowyer et al. 1996; Main and Coblentz 1996) , and although multiple mechanisms have been proposed (Barboza and Bowyer 2000; Ruckstuhl and Neuhaus 2002; Main 2008 ), a universal explanation has not been accepted (Bowyer 2004) and debate continues over the validity of certain hypotheses (Bowyer and Kie 2004) . Furthermore, within study systems more than 1 mechanism of sexual segregation may be present, as they are not mutually exclusive (Bonenfant et al. 2004; Bowyer 2004; Ruckstuhl 2007) , or different mechanisms may be present at varying spatial scales (Bowyer et al. 1996) . Spatial segregation may be influenced by different habitat requirements between the sexes (Main et al. 1996) or by social mechanisms that maintain separation (Cransac et al. 1998; Ruckstuhl 1998) in the absence of habitat-based segregation (Conradt 2005) .
Most hypotheses relating sexual segregation to habitat use rely on body size dimorphism as the underlying factor explaining differential use of habitat by males and females due to differences in vulnerability to predation, reproductive strategies, or metabolic requirements and digestive capabilities (Barboza and Bowyer 2000; Ruckstuhl 2007 ). The 2 most widely accepted and applied hypotheses are: 1) the predation risk hypothesis (Bleich et al. 1997; Ruckstuhl and Neuhaus 2002; Neuhaus et al. 2005) , which is based on differences in strategies between sexes to maximize reproductive success (Main and Coblentz 1996) ; and 2) the gastrocentric hypothesis (Barboza and Bowyer 2000) , which distinguishes between the greater digestive efficiency of larger-relative to smaller-sized ungulates (but see Clauss et al. 2007) , while recognizing that larger individuals (males) have greater absolute metabolic requirements (Van Soest 1982; Bowyer 2004) . The gastrocentric hypothesis also predicts that reproductive status may influence digestive efficiencies of females (Barboza and Bowyer 2000) . Of the hypotheses for sexual segregation related to social factors, the most commonly used has been the activity budget hypothesis (Ruckstuhl 1998; Ruckstuhl and Neuhaus 2002 ; but see Yearsley and Pérez-Barbería 2005; Pérez-Barbería et al. 2007) . This hypothesis provides within-group synchrony of foraging patterns as an explanation for individuals associating more closely with their own sex. Other hypotheses of sexual segregation related to social factors include social preference (inclinations to associate with same-sex individuals- Bon and Campan 1996; Yearsley and Pérez-Barbería 2005; Pérez-Barbería et al. 2007 ) and sexual segregation as a tactic to avoid aggression in mixed-sex groups (Weckerly 2001) .
Because ungulates occupy distinct habitat niches according to sex, males and females behave like different species for much of the year (Kie and Bowyer 1999; Bowyer 2004) . Sexual segregation in ungulates often is most pronounced during summer (Festa-Bianchet 1988; Main et al. 1996; Bleich et al. 1997) , especially during and following the birthing period (Cransac et al. 1998; Bonenfant et al. 2004) . Females of alpine ungulate species, particularly those with young of the year, spend more time constrained to rugged escape terrain in summer (Rachlow and Bowyer 1998; Hamel and Côté 2007; Walker et al. 2007 ), even when doing so involves sacrificing access to high-quality forage (Main and Coblentz 1996; Bleich et al. 1997; Rachlow and Bowyer 1998) . In contrast, males are predicted to select habitats with both high-quality and high-quantity forage to increase breeding opportunities through amassing larger body size and secondary sexual characteristics, despite potentially increased exposure to predation (Main et al. 1996; Bleich et al. 1997 ; but see Mysterud 2000) . Thus, males are expected to use gentler terrain at lower elevations (Festa-Bianchet 1988; Corti and Shackleton 2002) . Sexual segregation also may be particularly distinct in alpine ungulates during summer because of the altitudinal cline associated with forage availability in mountainous environments (Albon and Langvatn 1992) . During the time of green-up and peak biomass, forage availability has high spatial heterogeneity relative to the rest of the year, emphasizing differences in foraging strategies and capacities between males and females (Festa-Bianchet 1988; Bischof et al. 2012) . Females are expected to track emerging, high-quality plants across elevational gradients to extend their access to nutritious forage (Hebert 1973) , whereas males are expected to exploit areas of lower-quality but higher-quantity forages at lower elevations (Main 2008) .
Habitat selection may be modeled via resource selection functions (RSFs), which define the proportional probability of use of a given habitat covariate by an organism (Manly et al. 2002) . Differential habitat use by sex has been evaluated for alpine ungulates including bighorn sheep (Ovis canadensis spp. -Bleich et al. 1997; Festa-Bianchet 1988; Ruckstuhl 1998; Schroeder et al. 2010) Barbería et al. 1997) , and alpine chamois (Rupicapra rupicapra- Nesti et al. 2010; Unterthiner et al. 2012) . Habitat selection has been modeled using RSFs for Stone's sheep (Ovis dalli stonei), the southern subspecies of thinhorn sheep (Walker et al. 2007 ), but not previously for northern subspecies (Dall's sheep, Ovis dalli dalli). Whereas Stone's sheep models may provide insights into habitat selection by Dall's sheep, they were based solely on seasonal habitat use of females, so differences between sexes cannot be assessed. Furthermore, the Stone's sheep habitat measured in Walker et al. (2007) was at lower latitude, influenced by fire disturbance, and more forested in contrast to habitat evaluated in the current study, which is heavily glaciated, contains more rugged terrain, and extends to higher elevations. Other habitat studies of Dall's sheep provide valuable insights into behavior, seasonal range characteristics, and forage selection and quality (Hoefs et al. 1975; Hoefs 1984; Frid 1997; Rachlow 1998; Corti and Shackleton 2002; Weir et al. 2008) ; however, no studies previously evaluated habitat selection using RSFs, and few studies addressed sexual differences in habitat selection more generally.
Our overarching objective was to determine differences in habitat selection between Dall's sheep males and females, as well as between reproductive and nonreproductive females. Because male and female mountain sheep in general are thought to overlap rarely except during the breeding season in late November (Geist 1971) , we predicted a high degree of sexual segregation in Dall's sheep during summer. We hypothesized that males and females select different habitats because of differences in strategies to maximize reproduction, nutritional status, and fitness. Furthermore, we presumed that reproductive status of females would influence differential selection of habitat covariates due to variation in nutritional requirements and predator avoidance. To assess differences in habitat use, we developed summer RSFs for Dall's sheep in Wrangell-St. Elias National Park and Preserve (WRST) for males and females (with and without young) separately and collectively. We predicted that males would use a wider range of elevations and vegetation types, and they would select less steep and rugged terrain than females. We also predicted that females, in particular those with young, would sacrifice access to high-quality forage in favor of safety (Festa-Bianchet 1988; Bleich et al. 1997; Rachlow and Bowyer 1998) and therefore they would select more rugged terrain and more sparsely vegetated areas than males. Finally, we predicted significant sexual segregation in Dall's sheep during summer, which we assessed by testing for patterns of segregation among male and female sheep among groups. We also tested for differences in group composition of females with and without young.
Materials and Methods
Study area.-Dall's sheep in WRST have been estimated to number 11,000-14,500 sheep (Schmidt and Rattenbury 2013), equivalent to 15% of the population of this subspecies (FestaBianchet 2008) , and occur over approximately 28,000 km 2 of sheep habitat across multiple mountain ranges (Fig. 1) . The major mountain ranges of WRST are distinguished by unique environmental characteristics and accordingly host varying densities of sheep, ranging between 0.2 and 1.1 sheep/km 2 (Strickland et al. 1992; Terwilliger 2005) . The Chugach Range in the southern portion of the study area (Fig. 1) contains low sheep densities due to high snowfall influenced by a maritime climate, whereas the St. Elias and Wrangell Ranges in central WRST represent a transitional climate zone and support moderate densities of sheep. The Nutzotin Range (Fig. 1) occurs at a lower elevation and forms the northern portion of the study area, with a drier and colder interior climate supporting high densities of sheep (Terwilliger 2005) . The extent of the study area was based on 34 existing sheep count units originally defined by Alaska Department of Fish and Game in 1949 (Terwilliger 2005) . Potential predators of Dall's sheep in the study area included grizzly bears (Ursus arctos), wolverines (Gulo gulo), and golden eagles (Aquila haliaetus) that commonly hunt in the alpine areas used by sheep, and wolves (Canis lupus), black bears (U. americanus), and coyotes (C. latrans) that tend to occur at lower elevations but hunt in alpine areas (Mitchell et al. 2014) .
Survey data.-We used observations of sheep groups (n = 19,243 sheep in n = 2,877 groups) from aerial surveys conducted during 15 June-8 August, 1983-2011 as sample units to characterize summer habitat selection. Annual survey data were collected at irregular intervals by various means including a total count by helicopter (1983 ( -1984 ( -Singer 1984 , fixed-wing stratified random sampling combined with double sampling via helicopter (1990 ( -Strickland et al. 1992 , fixed-wing censuses of specific count units (1994 ( -Terwilliger 2005 , and fixed-wing distance sampling -2011 -Schmidt and Rattenbury 2013 . Observers classified and enumerated sheep into various sex and age categories including young, females (juvenile males included with females because they were not distinguishable from females by horn size and were generally located with female bands up to 2 years of age -Geist 1971; Strickland et al. 1992) , and males (> 1/4 horn curl). Group sizes ranged from 1 to 235 and included males (n = 1,018 groups; mean = 3.7 sheep; range = 1-25), females (n = 1,353 groups; mean = 7.8 sheep; range = 1-180), mixed-sex (n = 231 groups; mean = 11.7 sheep; range = 2-155), and unclassified (n = 275 groups; mean = 6.9 sheep; range = 1-235) groups. Female groups were larger than male groups by survey year (t 17 = 4.026, P < 0.001). Excluding years when unclassified groups made up > 50% of observations (1985, 1991, 1992) , the mean proportion of males, females, and young of the total sheep surveyed each year was fairly consistent (males = 0.23, SE = 0.02; females = 0.53, SE = 0.01; young = 0.13, SE = 0.01). All research activities complied with guidelines established by the American Society of Mammalogists (Sikes et al. 2016) .
Segregation by sex and female reproductive class.-We used the sexual segregation and aggregation statistic (SSASBonenfant et al. 2007 ) to test for patterns of segregation among male and female sheep groups, as well as segregation by female reproductive class (e.g., with and without young) with respect to males and to each other, compared to random association: individuals in the ith group, and
Values of SSAS vary between 0 (complete aggregation) and 1 (complete segregation) and estimate deviation between observed and expected distributions of males and females. We identified 95% confidence intervals (CIs) of SSAS for expected random association of sexes with a randomization procedure (10,000 iterations). Development of habitat selection models.-We estimated resource selection models and compared selection coefficients (β i ) between sexes and female reproductive classes. We first used a classification and regression tree with the rpart package (CART- Breiman et al. 1984) to reveal structure within the data and select a set of candidate habitat covariates (Table 1 ; Supplementary Data SD1). Using these covariates, we then estimated summer habitat selection of WRST sheep with RSFs (Boyce and McDonald 1999; Boyce et al. 2002; Manly et al. 2002) using generalized logistic regression (GLM-Hosmer and Lemeshow 2000) to compare habitat at used and available sampling locations of each sheep group. We evaluated RSFs at the 2nd-order scale (landscape -Johnson 1980) , and our design corresponded to surveys with population level information about use and availability within seasonal home ranges (e.g., Manly et al. 's [2002] design I at the population level). The used-available design we adopted cannot estimate a true probability of resource selection (the intercept is meaningless and determined by the used:available sampling ratio), but it still yields useful predictions about relative resource selection (Johnson et al. 2006; Lele et al. 2013) . We estimated coefficients of selection (β i ) to determine relative probability of use with the exponential approximation of the logistic regression model as:
where W is an index of probability of use of a given site and β 1 is the selection coefficient of resource variable X 1 (Manly et al. 2002; Johnson et al. 2006; Lele and Keim 2006) . We defined used habitat by group survey locations of classified sheep (n = 2,602) and available habitat as the area within a 7-km radius buffer established around all survey locations, including unclassified groups (n = 2,877; Fig. 1 ). We chose the 7-km buffer because it represents the radius of a 157-km 2 circle, the area estimated to be the mean 95% adaptive kernel home range size for radiocollared males and females in central Alaska (Burch and Lawler 2001) . We selected points to represent available habitat randomly at a density of approximately 1 point per 0.73 km 2 (mean density of WRST sheep from 1949 to 2002-Terwilliger 2005) to produce 13,200 locations from which we drew our sample of available points.
We developed RSF models for 1) all sheep, 2) males, and 3) females, with subcategories of a) females with young, and b) females without young. For each RSF analysis, we accounted for the number of sheep in the appropriate sex or female reproductive class within each observed group by weighting each group by the number of: 1) males and females, 2) males, 3) females, 3a) females with young, and 3b) females without Burnham and Anderson (2002:167-168) . We then selected a consistent set of the highest ranked habitat covariates to build comparative RSF models for each class. For each sheep class, we randomly drew a balanced number of available points (same number as used points) and performed 100 iterations to estimate β i values and SE. We also used generalized linear mixed effects models to account for the random effect of survey year and any potential methodological differences over time. Using BIC model selection criteria, we did not find differences between the top fixed effects and mixed effects models, and variance around the random effect (year) was low; thus, we present fixed effects results.
Habitat covariates.-We conducted spatial and statistical analyses in the R statistical program (R Project version 3.0.1) and ArcMap 10 (ESRI 2011). Models included biotic and abiotic habitat covariates previously reported to be influential to Dall's sheep resource selection (Table 1) . Thinhorn sheep favor rugged terrain, steep slopes, ridges, and mid-elevations (Geist 1971; Rachlow and Bowyer 1998; Walker et al. 2007 ); thus, we considered elevation and topographic covariates. We resampled GIS data to a 60-m 2 cell resolution for analysis. We derived elevation, slope, curvature, and terrain ruggedness for each pixel across the study area using a 60-m 2 digital elevation model and Spatial Analyst (ESRI 2011). We calculated the curvature index, which characterized the overall concavity or convexity of a pixel in relation to its 3 × 3 pixel neighborhood, with positive values representing convex features such as ridges and mountain tops, and negative values signifying concave features such as valley bottoms. We used the vector ruggedness measure script for ArcGIS to calculate an index of ruggedness between 0 and 1 for each point based on vector dispersion of terrain aspect and angles in the 3 × 3 pixel neighborhood in comparison to the 3-dimensional vector normal to each focal pixel (Sappington et al. 2007 ). Thinhorn sheep favor south-facing aspects (Summerfield 1974; Walker et al. 2007 ); thus, we included aspect and solar radiation, which incorporates slope and latitude (Keating et al. 2007 ). We used the Solar Radiation tool in Spatial Analyst to calculate insolation at 14-day intervals spanning the summer survey dates. Insolation measures of the units of watt hours per square meter (WH/m 2 ) were based on the angle and aspect of the sun at a given latitude and elevation.
Thinhorn sheep generally avoid forested valleys (Walker et al. 2007) , and Dall's sheep in WRST typically occupy areas with open vegetation (Terwilliger 2005) ; therefore, we included landcover covariates. Landcover classifications were based on attributes defined using multispectral image analysis of Landsat TM5 and TM7 data in combination with supporting field data and made available at the 28.5-m 2 pixel resolution by Stumpf (2008). Vegetation categorizations followed the Alaska Vegetation Classification system (Viereck et al. 1992) . We used level II vegetation types and collapsed "mixed coniferhardwood," "conifer," and "hardwood" into 1 category (conifer-hardwood). For models containing categorical covariates, reference categories were used for comparison and subsumed into the intercept (Menard 2002) ; hence, for models containing landcover, tall shrub was used as a reference category because it maximized the contrast statistically.
Sheep distribution is influenced by availability of adequate forage (Hoefs and Cowan 1979) , and sheep density estimates in WRST previously were positively correlated with normalized difference vegetation index (NDVI-Terwilliger 2005) . We used NDVI to characterize relative primary productivity of forage biomass (Pettorelli et al. 2005; Hebblewhite et al. 2008) . We obtained NDVI values using 16-day composites at a 250-m 2 resolution from Moderate Resolution Imaging Spectroradiometer (MODIS) NASA satellites (Jenkerson et al. 2010) . We used the mean maximum annual NDVI value for each location during 2001-2011 (which, on average, occurred 19 July) to represent Dall's sheep forages.
Precipitation influences sheep habitat use positively by increasing primary productivity of summer range (Bunnell 1978; Hoefs and Cowan 1979; Hik and Carey 2000) or negatively by limiting movements and access to forage in winter (Nichols 1978; Burles and Hoefs 1984; Rachlow and Bowyer 1998) . Therefore, we considered effects of both mean annual and seasonal precipitation and temperature. Mean annual temperature and precipitation were obtained from the PRISM Climate Group (2009), reflecting the climatological period during 1971-2000, and we obtained downscaled historical seasonal (June-August) estimates of temperature and precipitation decadal means from Scenarios Network for Alaska and Arctic Planning (SNAP 2013) at the 771-m 2 pixel spatial scale.
We screened for collinearity and did not include significantly correlated habitat covariates (r ≥ 0.7) from a Pearson's correlation matrix (Hosmer and Lemeshow 2000) or with variance inflation factors (VIF) > 10 (McCullagh and Nelder 1989). We further assessed VIF for the global model (all covariates included) and combinations of potentially collinear covariates (McCullagh and Nelder 1989) . We examined collinear variables and retained the habitat covariate that explained a greater portion of the deviance. Mean summer temperature and elevation were strongly correlated (r = −0.936), and mean summer temperature had a VIF value of 8.48; thus, we removed it from further consideration. Comparisons of other habitat variables did not exceed the correlation threshold for exclusion from analyses, and VIF values in multivariate models were within the acceptable tolerance range. The GAMs indicated nonlinearity for several habitat covariates (NDVI, elevation, ruggedness, slope, mean annual precipitation, mean summer precipitation) and thus were included as 2nd-order polynomials in the GLMs.
Model validation.-To assess the predictive capacity of used-available design RSF models, we used a 5-fold crossvalidation procedure (Boyce et al. 2002) . We reconstructed the top model for each sheep class using a random 80% subset of the data (training set) and used the remaining data (20%) for evaluation (test set). We compared the area-adjusted frequencies of test data predictions within 10 ranked bins to the observed bin rank for each RSF model. A strong positive correlation, measured with Spearman's rank correlation coefficients (r s ), indicated the model had good predictive performance based on a higher proportion of used locations in the top-ranked RSF bins. To test for differences in resource selection among sheep classes, we first compared coefficients and 95% CIs between sex-specific models. We then assessed the ability of each top model for a particular sheep class to predict resource selection of all other sheep classes by iteratively calculating r s between the area-adjusted frequencies of each model training set and the test set.
results
Sexual segregation.-Males and females were highly segregated among groups (observed SSAS = 0.88, 95% CI of expected SSAS = 0.57-0.62). When considered separately, females with young (observed SSAS = 0.94, 95% CI of expected SSAS = 0.42-0.53) and females without young (observed SSAS = 0.87, 95% CI of expected SSAS = 0.58-0.62) also displayed high levels of segregation from males. Females with and without young were segregated among groups (observed SSAS = 0.82, 95% CI of expected SSAS = 0.54-0.61) compared to random association.
Habitat selection.-Eight habitat covariates, including biotic (NDVI, open landcover [barren, sparse]), and abiotic (elevation, ruggedness, slope, mean annual precipitation, and mean summer precipitation) covariates (Tables 2 and 3 ), were consistently retained in best approximating models for all sheep classes. These 8 covariates made up the constrained model, which was the top-ranking model for all sheep, all females, and females without young classes (Table 3) . For these sheep classes, the 2nd-ranked models were 7.62-9.54 ΔBIC units from the top model, and the BIC weights for top models were high (w i = 0.98-0.99), providing support for the top model as the most parsimonious for these classes. In contrast, the constrained model ranked 2nd in the male class to a model differing by 1 covariate (dwarf shrubs). The dwarf shrub landcover covariate was not significant (β = 0.206, P < 0.167), and the 95% CI overlapped 0 (95% CI = −0.03 to 0.44). For males, the constrained model differed by 8.54 ΔBIC units from the top model and had low BIC weight (w i = 0.01 compared to 0.98 for the top model). The most parsimonious constrained model ranked 3rd for the females with young class. The top model for this class included elevation as a linear covariate and only contained the sparse landcover covariate (and not barren), whereas the 2nd-ranked model differed from the constrained model by the inclusion of mean annual temperature.
Examination of selection coefficients of categorical landcover covariates in the global model revealed that sheep selected open habitat types and avoided closed landcover types (coniferhardwood forests, tall shrubs, and low shrubs; Supplementary Data SD2). Among the topographic covariates evaluated, ruggedness had the highest selection coefficient values (Table 4) Sex-specific and female reproductive class models demonstrated that whereas the same habitat covariates were important predictors for Dall's sheep summer resource selection, degree of selection for specific covariates varied among groups. Rugged terrain was an important habitat covariate for all sheep; however, females without young selected the most rugged terrain of all classes (Fig. 2) . Elevation was not significant (P = 0.097) in the constrained model for females with young (Table 4) . Females with young also had a higher probability of selecting areas with higher summer precipitation than other sheep classes (Fig. 2) . All sheep classes selected sparse vegetation, but females had the highest coefficients of selection (β = 0.407, P < 0.001) and males had the lowest coefficients (β = 0.150, P < 0.001; Table 4 ). Despite some model uncertainty in the male and female with young classes, internal validation of resource selection models for all sheep classes using resampled training data performed well in the k-fold cross validations (r s = 0.951-0.997, P < 0.001; Table 3 ).
discussion
Sex classes of Dall's sheep were highly segregated among groups but displayed similar patterns of habitat selection at the landscape scale. In general, topography, open landcover Number of model parameters. b BIC = −2 LL + K * log n, where n is the sum of used and available locations. Despite the overall similarity in resource selection between sexes, selection of certain habitat covariates differed somewhat among classes. Sex and reproductive status of females affected selection of rugged habitat, as females with young had a higher probability of selecting intermediate rugged terrain, whereas females without young selected for a broader range of ruggedness values. This pattern may be due to reproductive females selecting the optimal habitat for predator evasion, as intermediate rugged terrain may provide sufficient safety from predators and simultaneously maneuverable topography for young. The "trade-off" phenomenon wherein reproductive females sacrifice forage quantity for safety from predators has been documented in Dall's sheep and other ungulates (Rachlow and Bowyer 1998; Main and Coblentz 1996; Corti and Shackleton 2002) . Our results indicate that although reproductive females selected sparse vegetation categories, within those areas they selected higher-quality forage than nonreproductive females or males, reflected by higher selection coefficients for intermediate values of NDVI. NDVI is inversely correlated to forage quality over the duration of the growing season and positively associated with forage biomass (Hebblewhite et al. 2008) ; thus intermediate values are generally associated with the highest amount of digestible biomass during mid-summer. Also, intermediate NDVI values may better predict open, sparsely vegetated habitats utilized by sheep than the landcover classification from satellite imagery we had available. Consequently, we cannot conclude that reproductive Dall's sheep females in our study area forgo high-quality forage in favor of safety. They seem to select high forage quality and avoid predation risk at the same time, which may suggest risk and forage are not correlated at this landscape scale.
The probability of selection for all sheep classes increased in areas of relatively high summer precipitation, but in particular for females with young. Dall's sheep also consistently selected areas of lower mean annual precipitation, a pattern indicating a complex relationship with precipitation that varies throughout the year. In summer, precipitation translates to elevated primary productivity, which is beneficial to sheep (Bunnell 1978; Hoefs and Cowan 1979; Hik and Carey 2000) , whereas during winter, precipitation in the form of snow limits food accessibility and inhibits movement, with a negative effect on sheep (Nichols 1978; Burles and Hoefs 1984; Rachlow and Bowyer 1998) . Sheep have strong fidelity to seasonal ranges (Geist 1971) , and winter range generally consists of a smaller subset of summer range (Hoefs and Cowan 1979) . It is uncommon for sheep to disperse or to make large movements between seasonal ranges (Geist 1971; Hoefs and Cowan 1979; Festa-Bianchet 1991) . Thus, individuals appear to select areas within their annual range representing favorable conditions throughout the year. Precipitation appears to be an important driver of Dall's sheep distribution, and further investigations of winter habitat use, in particular measurements of snow depth and consistency at the spatial scale of daily and seasonal habitat selection, would provide insight into limiting effects of winter precipitation.
The top-ranked model revealed that many landscape features are important to Dall's sheep, with topography, vegetation, and precipitation the most explanatory for resource selection. Similar to Stone's sheep (Walker et al. 2007 ), Dall's sheep select some terrain features consistently but appear to express plasticity in selection of habitat attributes within their seasonal range, possibly serving as an adaptive strategy. Results of this study suggest that terrain features, in particular the ruggedness index, played a large role in predicting the probability of sheep habitat use. This landscape feature will remain static despite changes in climactic conditions, which is favorable for long-term persistence of the species. However, abiotic covariates such as landcover and precipitation will change over time. Climate models predict a shift from open vegetation classes in alpine ecosystems to an upward expansion in shrub communities both in elevation and in latitude (Myers-Smith et al. 2011) . As evidenced by this study, Dall's sheep avoid tall shrubs, and thus an increase in extent of this vegetation community could result in reduction and fragmentation of habitat. Maintenance of population connectivity among favorable habitats is crucial for preserving genetic diversity (Epps et al 2006) ; thus, predicted changes in habitat fragmentation are an important consideration for long-term population viability. However, the simultaneous receding of glaciers at the upper elevational limits currently used by Dall's sheep will result in expansion of habitat, although the net habitat gain will depend on rates of shrub expansion and glacier recession.
Resource selection may depend on scale (Bowyer et al. 1996; DeCesare et al. 2012) , because ecological processes often function at different spatial and temporal scales. Our analysis tested differences in habitat selection by sex and reproductive class of mountain sheep at the landscape scale, i.e., a broader spatial scale than previous investigations, and thus provides new knowledge on this topic. However, we cannot rule out sex-based differences in resource selection at finer spatial and temporal scales. Previous work based on more fine-scale observations indicated different habitat use by males and females (Bleich et al. 1997; Corti and Shackleton 2002; Schroeder et al. 2010) . We used the 2nd-order scale (seasonal home ranges within a population range -Johnson 1980) to assess RSFs and found that at this scale, differences in resource selection patterns between sexes were not pronounced. Comparing our results to previous work based on fine-scale observations suggests that habitat-based theories of sexual segregation that characterize males and females as occupying different realized habitat niches are likely more operational at smaller spatial scales. Fine-scale location or habitat attribute information, such as that from GPS collar-based studies or direct habitat assessments, also might reveal greater differences in habitat selection, as probability of use can vary across spatial scales. For management and ecological investigations at the landscape level, our work is among the first such study of Dall sheep, and our results at the 2nd-order scale show minimal habitat selection consequences of sexual segregation.
Differences in daily activity patterns, preferences for individuals to aggregate with their own sex, and avoidance of intrasexual aggression can lead to sexual segregation in the absence of any clear differences in habitat selection between sexes. Strong sexual segregation was the major distinguishing characteristic of Dall's sheep rather than clear differences among sheep classes in use of habitat features. Despite little mixing at the group level between sexes, males and females selected the same types of habitats during summer when differences in habitat selection due to varying reproductive strategies or digestive capacities are expected to be most distinct. Therefore, the ecological processes that result in sexual segregation in Dall's sheep appear to be more consistent with social rather than habitat factors.
Evident segregation and limited differences in habitat selection among sexes in mountain sheep may be a consequence of their evolution in alpine habitats. The dispersal theory of Geist (1971) suggests that because sheep are habitat specialists (i.e., they require escape terrain with open landcover), and suitable habitats are patchy and small in comparison to the surrounding uninhabitable low-elevation forests, there is little evolutionary advantage to dispersal. As a result, mountain sheep inherit their home ranges through learned behavior, are gregarious throughout the year, and have a complex social structure. Moose (Alces alces), in contrast, are highly mobile with a marked ability to disperse (Geist 1971) and have the ability to exploit more diverse habitat niches in heterogeneous forests and early successional vegetation. Thus, habitat segregation documented in cervids (e.g., Oehlers et al. 2011) could be influenced by the variety of habitats these species may exploit, in contrast to ovids, for which habitat segregation has been documented less often (Cransac et al. 1998; Ruckstuhl 1998; Singh et al. 2010) but for which sexual segregation is common.
Understanding patterns of habitat use based on sex or reproductive status can have far-reaching implications for management and conservation efforts (Bleich et al 1997; Bowyer 2004; Rubin and Bleich 2005 ). Yet, results of this study indicate that a combined RSF model is robust for predicting the relative probability of Dall's sheep resource selection and may be used for modeling connectivity at landscape scales (Fig. 3) , and the advantages of developing separate sex-specific or reproductive status-specific models are limited.
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Supplementary Data SD1.-Classification and regression tree methods. Supplementary Data SD2.-Selection coefficients of categorical landcover coefficients in the Dall's sheep global summer resource selection function model presented by classes (males, females, females with young, and females without young), Wrangell-St. Elias National Park and Preserve, Alaska, 1983-2011 . Supplementary Data SD3.-Distributions of continuous habitat covariates used during summer by male (blue) and female (green) Dall's sheep compared to available (pink) habitat, Wrangell-St. Elias National Park and Preserve, Alaska, 1983-2011 . Distributions are smoothed using kernel density estimation.
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